Abstract. The work considers the application of thermal imaging control in the operation of diesel locomotives. In particular, the diagnosis of electrical systems, cooling systems and compressors is considered. The results of the thermal imaging control of locomotives of the locomotive series CHME3 are presented. The directions of further researches for increase of efficiency of application of thermal imagers at diagnostics of a condition of systems and units of diesel locomotives are formulated.
Introduction
Continuous improvement of locomotives and increasing the degree of automation of internal control processes put the problem of optimal organization of technical operation at the forefront. An important role in this case is given to the technical condition of the locomotive, which, under the influence of external and internal factors, changes over time. Timely and complete information on the state of the ship together with the forecasting of its change will allow the locomotive to be use more efficiently, taking into account the requirements of traffic safety and the timely delivery of the cargo.
Determination of the technical condition of the locomotive carried out by various means of technical diagnostics. These include stationary systems, onboard built-in systems and portable diagnostic tools. The latter allow for diagnostic operations on locomotive by trained and qualified personnel.
The active development of science and electronics over the past decades has enabled the introduction of new types of diagnostic equipment to a wide extent into the production process of operation and repair of locomotives. Among these varieties of diagnostic devices and complexes are the means of thermal and thermal imaging control. All of them represent a group of means of non-destructive control of the state of nodes and systems that use as a diagnostic feature the temperature and its change.
Let's consider more detailed directions of application of thermal imaging control for diagnostics of knots and systems of locomotives.
Historically, the first units of the rolling stock, which were massively subjected to thermal control, were the rolling units of rolling stock. Various stationary and portable instruments for measuring infrared radiation were using for this purpose. With the advent of thermal imagers, it was possible to measure not only individual points, but also the entire surface of the boot knot. Due to this it is possible simultaneously to obtain an image of the temperature gradient of the entire surface to determine the place of damage or overload. In addition to the boot knots, methods of thermal imaging of other chassis units are actively implemented. In particular, brake discs, wheel band bands, motor-axial bearings for sliding and rolling. Active work in this direction is taking place in the USA, Russia. So in [1, 2] various constructions of equipment for diagnostics of chassis are considered. In [2] , the technology of machine vision is considered, which allows to quickly and automatically control the state of the running gear of the rolling stock. Using a different spectral image (visible and infrared) allows you to record the physical and thermal state and the correlation between them.
Recently, the use of thermal imaging control for the assessment of the state of electric circuits and electromechanics of rolling stock is actively being carried out. In electrical circuits, the state of the connections is checked. Comparison of individual compounds operating on equal terms allows rapid detection and removal of overheating places without allowing melting, burn-out or damage to current-carrying parts and isolation. This is due to the application of two approaches:
-determination of the absolute temperature of parts and units; -definition of thermal anomalies in circles and nodes. The first approach is aimed at obtaining surface temperature data and subsequent calculations for obtaining temperature data in the middle of the node. This approach is used to check the insulation tolerance and the state of the bearing units. In the last significant increase in temperature leads to the leakage of lubricants and, as a consequence, damage to the bearing. Relatively new direction of application of thermal imagers is the diagnostics of the fuel system diesel locomotives. As shown by studies [3, 7] , the use of thermal imagers allows us to detect malfunctions in the fuel system of high pressure. At the present stage, such a diagnostic can provide advice on the need to repair high-pressure fuel pumps or nozzles depending on the thermal state. When using thermal sensors to check the status of sections of refrigerators with a tworow arrangement, it is necessary to check both the internal and external series of sections. Particularly relevant is checking the status of sections of refrigerators when switched to operation in winter conditions. When the cooling fluid passes through the tube, at low temperatures, there is the possibility of freezing sections with subsequent damage due to the expansion of water in the tubes. In order to avoid this phenomenon, locomotives are increasingly using cooling liquids with a low freezing point and a heat storage system.
In addition to the considered method of use of thermal imagers, they can be used for complex diagnostics of the efficiency of the refrigeration unit. Such an approach is proposed in [9] . As a diagnostic parameter, the temperature pressure of the tube wall of the section Δtn, °С (between the coolant and the outer surface of the refrigerator sections) is used: Refrigerator of the cooling system is subject to inspection in the process of carrying out of rheostats tests of diesel locomotive. This is due to the need for a long measure of temperature at the nominal (full power) mode, in which the greatest amount of heat is allocated to the cooling system. The thermal image of the sections of the sections is removed using the thermal imager. Each thermogram is treated with ten sections for typical sections and the surface temperature tj in each section is determined. Then, by the expression (1), the temperature difference is calculated in each section of the section, the average value of Δtj is determined and compared with the minimum allowable value). In this way, all sections are checked and a general conclusion is drawn about the possibility of cooling the system to dissipate heat from the diesel engine. This way the decision is made on the need to repair the refrigerator locomotive.
An important aspect of using thermal vision is the diagnosis of the state of compressor locomotives equipment. Due to the use of heat shocks, check the quality and uniformity of the valve mechanism, the condition of the bearing units and the radiator of cooling air. Figure 5 shows the work flow diagram of the compressor K2-LOK diesel locomotive CHME3. Figure 6 shows the results of this check. At the same time, the main difference is checking that I will not turn the tubes, but I will get a sharpening and, as a consequence, cooling quality by the flow of air.
The use of thermal imaging controls to diagnose the condition of bearing units has significant prospects. So this type of diagnosis is subject to all electric and auxiliary mannina. For an example, let's consider the results of diagnostics of cooling fan of traction electric motors of diesel locomotive CHME3 shown in Figures 7 and 8 . Thus, the use of thermal imaging control allows operative diagnostics of most nodes and locomotive systems with the detection of places with atypical thermal load. Depending on the equipment tested, after the diagnosis, the site is adjusted or repaired.
The use of thermal imaging diagnostics allows us to implement maintenance and repair on the actual condition of the nodes, which is difficult to verify by other types of diagnostics, for example, the quality of soldering of collector plates, contact in the places of connection of current-carrying parts of electric circuits, etc.
